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METHOD AND APPARATUS FOR IMAGE
ADJUSTMENT FOR PANORAMIC IMAGLEL
STITCHING

TECHNOLOGICAL FIELD

Embodiments of the present invention relate generally to
a method, apparatus, and computer program product for
image adjustment in panoramic 1mage stitching, and 1n
particular, to reducing artifacts in the seam region or region
of overlap when stitching multiple 1mages to form a pan-
oramic 1mage.

BACKGROUND

To form a stereo panoramic image, multiple cameras, set
up 1n a particular configuration, may be used to capture
360-degree content. The content may then be stitched to
form the stereo panoramic image. Conventional processes
for stitching the content are unable to eflectively and efli-
ciently handle overlap regions of the captured images and,
in particular, when the overlap regions comprise depth
variations, conventional processes, such as transform based
stitching, will give rise to artifacts.

Specifically, conventional transform based stitching pro-
cesses give rise to artifacts, such as ghosting or double
impressions ol objects, when the seam regions comprise of
objects located at varying distances from the camera. The
current mvention provides a solution to minimize such
artifacts.

BRIEF SUMMARY

Embodiments described herein, for example, provide
solutions for minimizing artifacts 1n a stitching process, and
in particular, may be applied to 1mages or content captured,
for example, using an OZ0O camera. For example, at a
narrow seam region of the content captured with an OZO
camera, the seam area 1s relatively smaller 1n width. For
example, the width of the narrow seam region may be
approximately 7.5 degrees of the total 360 degrees. In this
context, conventional or existing approaches (e.g., optical
flow based stitching) may be dithcult to apply. Accordingly,
embodiments described herein provide a solution to perform
a stitching process, for example, 1n those contexts compris-
ing smaller widths, while mimimizing the artifacts.

A method, apparatus and computer program product are
therefore provided according to an example embodiment of
the present mnvention for reducing artifacts in the seam
region or region of overlap when stitching multiple 1images
to form a panoramic image.

In some embodiments, a method may be provided, the
method comprising extracting the seam region from the
overlapping 1mages, wherein the overlapping images com-
prise a first image captured by a first image capturing device
and a second 1mage captured by a second image capturing
device, applying a set of convergence values to the seam
region generating a plurality of strips corresponding to the
seam region, dividing each of the plurality of strips into
multiple vertical segments, and computing an optimal con-
vergence for the seam region using the multiple vertical
segments.

In some embodiments, the overlapping images sharing the
seam region, the seam region being a region of each of the
first 1mage and the second images depicting a common
captured area. In some embodiments, the method may
turther comprise computing a distance matrix (d(x, y))
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2

wherein X 1s a segment index value and vy 1s an associated
convergence value. In some embodiments, the computing of
the distance matrix (d(x, y)) occurs subsequent to the
dividing of each of the plurality of strips into multiple
vertical segments. In some embodiments, computing the
optimal convergence for each of the multiple vertical seg-
ments of the seam region comprises computing an accumu-
lated distance matrix by accumulating each of the distances
in the distance matrix, wherein optimal convergence 1is
identified by the accumulated distance matrix having a
minimal cumulative error.

In some embodiments, accumulating each of the distances
in the distance matrix i1s performed via a dynamic program-
ming process. In some embodiments, the set of convergence
values are varied across the seam region 1n a horizontal or
a vertical direction, and the method further comprises com-
puting a curve denoting a variation of convergence for the
narrow seam for a specified number of points.

In some embodiments, the method may further comprise
applying a smoothness parameter to guide the convergence
amongst the plurality of computed convergence values. In
some embodiments, the method may further comprise, 1n an
instance 1 which an object 1s captured within a predeter-
mined distance of a camera, enabling convergence transi-
tions between segments exceeding a predefined threshold.

In some embodiments, a computer program product may
be provided comprising at least one non-transitory com-
puter-readable storage medium having computer-executable
program code 1instructions stored therein, the computer-
executable program code instructions comprising program
code 1nstructions for extracting the seam region from the
overlapping 1mages, wherein the overlapping 1images com-
prise a {irst image captured by a first image capturing device
and a second 1mage captured by a second 1image capturing
device, applying a set of convergence values to the seam
region generating a plurality of strips corresponding to the
seam region, dividing each of the plurality of strips into
multiple vertical segments, and computing an optimal con-
vergence for the seam region using the multiple vertical
segments.

In some embodiments, the overlapping images sharing the
seam region, the seam region being a region of each of the
first 1image and the second i1mages depicting a common
captured area. In some embodiments, the computer-execut-
able program code instructions further comprise program
code 1nstructions for computing a distance matrix (d(x, v))
wherein x 1s a segment index value and y 1s an associated
convergence value. In some embodiments, the computing of
the distance matrix (d(x, y)) occurs subsequent to the
dividing of each of the plurality of strips into multiple
vertical segments

In some embodiments, computing the optimal conver-
gence for each of the multiple vertical segments of the seam
region comprises computing an accumulated distance matrix
by accumulating each of the distances 1n the distance matrix,
wherein optimal convergence 1s identified by the accumu-
lated distance matrix having a minimal cumulative error. In
some embodiments, accumulating each of the distances 1n
the distance matrix 1s performed via a dynamic program-
ming process. In some embodiments, the set of convergence
values are varied across the seam region in a horizontal or
a vertical direction, and wherein the computer-executable
program code instructions further comprise program code
instructions for computing a curve denoting a variation of
convergence for the narrow seam for a specified number of
points.
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In some embodiments, the computer-executable program
code structions further comprise program code instruc-
tions for applying a smoothness parameter to guide the
convergence amongst the plurality of computed conver-
gence values. In some embodiments, the computer-execut-
able program code instructions further comprise program
code structions for, in an instance 1 which an object 1s
captured within a predetermined distance of a camera,
enabling convergence transitions between segments exceed-

ing a predefined threshold.

In some embodiments, an apparatus may be provided, the
apparatus comprising means for extracting the seam region
from the overlapping images, wherein the overlapping
images comprise a lirst 1image captured by a first image
capturing device and a second 1mage captured by a second
image capturing device, means for applying a set of con-
vergence values to the seam region generating a plurality of
strips corresponding to the seam region, means for dividing
cach of the plurality of strips 1nto multiple vertical segments,
and means for computing an optimal convergence for the
seam region using the multiple vertical segments.

In some embodiments, the overlapping images sharing the
seam region, the seam region being a region of each of the
first 1mage and the second images depicting a common
captured area. In some embodiments, the apparatus may
turther comprise means for computing a distance matrix
(d(x, v)) wherein x 1s a segment index value and y 1s an
associated convergence value. In some embodiments, the
computing of the distance matrix (d(X, y)) occurs subsequent
to the dividing of each of the plurality of strips into multiple
vertical segments. In some embodiments, the means for
computing the optimal convergence for each of the multiple
vertical segments of the seam region comprises means for
computing an accumulated distance matrix by accumulating
cach of the distances 1n the distance matrix, wherein optimal
convergence 1s 1dentified by the accumulated distance
matrix having a minimal cumulative error. In some embodi-
ments, accumulating each of the distances in the distance
matrix 1s performed via a dynamic programming process.

In some embodiments, the set of convergence values are
varied across the seam region in a horizontal or a vertical
direction, the apparatus further comprises means for com-
puting a curve denoting a variation of convergence for the
narrow seam for a specified number of points. In some
embodiments, the apparatus may further comprise means for
applying a smoothness parameter to guide the convergence
amongst the plurality of computed convergence values. In
some embodiments, the apparatus may further comprise, 1n
an instance 1in which an object 1s captured within a prede-
termined distance of a camera, means for enabling conver-
gence transitions between segments exceeding a predefined
threshold.

In some embodiments, an apparatus may be provided
comprising at least one processor and at least one memory
including computer program code, the at least one memory
and the computer program code configured to, with the
processor, cause the apparatus to at least extract the seam
region from the overlapping images, wherein the overlap-
ping 1mages comprise a {irst image captured by a first image
capturing device and a second 1mage captured by a second
image capturing device, apply a set of convergence values to
the seam region generating a plurality of strips correspond-
ing to the seam region, divide each of the plurality of strips
into multiple vertical segments, and compute an optimal
convergence for the seam region using the multiple vertical
segments.
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In some embodiments, the overlapping images sharing the
seam region, the seam region being a region of each of the
first 1mage and the second images depicting a common
captured area. In some embodiments, the at least one
memory and the computer program code are further config-
ured to, with the processor, cause the apparatus to compute
a distance matrix (d(X, v)) wherein x 1s a segment index
value and y 1s an associated convergence value. In some
embodiments, the computing of the distance matrix (d(x, y))
occurs subsequent to the dividing of each of the plurality of
strips 1nto multiple vertical segments. In some embodiments,
computing the optimal convergence for each of the multiple
vertical segments of the seam region comprises computing
an accumulated distance matrix by accumulating each of the
distances in the distance matrix, wherein optimal conver-
gence 15 1dentified by the accumulated distance matrix
having a minimal cumulative error. In some embodiments,
accumulating each of the distances 1n the distance matrix 1s
performed via a dynamic programming process.

In some embodiments, the set of convergence values are
varied across the seam region in a horizontal or a vertical
direction, wherein the at least one memory and the computer
program code are further configured to, with the processor,
cause the apparatus to compute a curve denoting a variation
of convergence for the narrow seam for a specified number
of points. In some embodiments, the at least one memory
and the computer program code are further configured to,
with the processor, cause the apparatus to apply a smooth-
ness parameter to guide the convergence amongst the plu-
rality of computed convergence values. In some embodi-
ments, the at least one memory and the computer program
code are further configured to, with the processor, cause the
apparatus to, 1in an 1stance in which an object 1s captured
within a predetermined distance of a camera, enable con-
vergence transitions between segments exceeding a pre-

defined threshold.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

Having thus described embodiments of the mvention 1n
general terms, reference will now be made to the accompa-
nying drawings, which are not necessarily drawn to scale,
and wherein:

FIG. 1 1s block diagram of a system that may be specifi-
cally configured 1n accordance with an example embodiment
of the present invention;

FIG. 2 1s a block diagram of an apparatus that may be
specifically configured 1n accordance with an example
embodiment of the present invention;

FIG. 3 1s an example tlowchart illustrating a method of
operating an example apparatus in accordance with an
embodiment of the present invention;

FIGS. 4A and 4B show 1images from two cameras which
overlap 1n a narrow seam.

FIGS. 5A-5E show a data representation, 1 accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION

Some example embodiments will now be described more
tully hereinafter with reference to the accompanying draw-
ings, 1 which some, but not all embodiments are shown.
Indeed, the example embodiments may take many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisty applicable legal
requirements. Like reference numerals refer to like elements
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throughout. The terms “data,” “content,” “information,” and
similar terms may be used interchangeably, according to
some example embodiments, to refer to data capable of
being transmitted, received, operated on, and/or stored.
Moreover, the term “exemplary”, as may be used herein, 1s
not provided to convey any qualitative assessment, but
instead merely to convey an illustration of an example. Thus,
use of any such terms should not be taken to limit the spirt
and scope of embodiments of the present invention.

As used herein, the term “circuitry” refers to all of the
tollowing: (a) hardware-only circuit implementations (such
as implementations 1n only analog and/or digital circuitry);
(b) to combinations of circuits and software (and/or firm-
ware), such as (as applicable): (1) to a combination of
processor(s) or (1) to portions ol processor(s)/software
(including digital signal processor(s)), software, and memo-
ry(ies) that work together to cause an apparatus, such as a
mobile phone or server, to perform various functions); and
(¢) to circuits, such as a microprocessor(s) or a portion of a
microprocessor(s), that require software or firmware for
operation, even 1i the soitware or firmware 1s not physically
present.

This definition of “circuitry” applies to all uses of this
term 1n this application, including 1n any claims. As a further
example, as used in this application, the term ‘circuitry’
would also cover an implementation of merely a processor
(or multiple processors) or portion of a processor and 1ts (or
their) accompanying software and/or firmware. The term
‘circuitry’ would also cover, for example and 1f applicable to
the particular claim element, a baseband integrated circuit or
application specific integrated circuit for a mobile phone or
a similar integrated circuit in a server, a cellular network
device, or other network device.

Referring now of FIG. 1, a system that supports commu-
nication, either wirelessly or via a wireline, between a
computing device 10, a server 12 or other network entity
(heremafiter generically referenced as a “server’™), and a user
device 16 1s 1llustrated. As shown, the computing device 10,
the server 12, and the user device 16 may be 1n communi-
cation via a network 14, such as a wide area network, such
as a cellular network or the Internet or a local area network.
However, the computing device and the server may be 1n
communication 1n other manners, such as via direct com-
munications between the computing device and the server.

The computing device 10 or the user device 16 may be
embodied by a number of different devices including mobile
computing devices, such as a personal digital assistant
(PDA), mobile telephone, smartphone, laptop computer,
tablet computer, or any combination of the aforementioned,
and other types of voice and text communications systems.
Alternatively, the computing device 10 and/or user device 16
may be a fixed computing device, such as a personal
computer, a computer workstation or the like. The server 12
may also be embodied by a computing device and, 1n one
embodiment, 1s embodied by a web server. Additionally,
while the system of FIG. 1 depicts a single server, the server
may be comprised of a plurality of servers which may
collaborate to support browsing activity conducted by the
computing device. The user device 16 may be embodied by
a computing device 10, and 1n one embodiment, may be
comprised of a plurality of computing devices.

The network 14 may be any combination of media (e.g.,
twisted pair, coaxial, fiber optic, radio frequency), hardware
(e.g., routers, switches, repeaters, transceivers), and proto-
cols (e.g., TCP/IP, UDP, Ethernet, Wi-F1, WiMAX) that
facilitate communication between remotely situated humans
and/or devices. In this regard, the communications 1nterface
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308 may be capable of operating with one or more air
interface standards, communication protocols, modulation
types, access types, and/or the like. More particularly, the
system 302, the communications interface 308 or the like
may be capable of operating in accordance with various first
generation (1G), second generation (2G), 2.5G, third-gen-
eration (3G) communication protocols, fourth-generation
(4G) communication protocols, Internet Protocol Multime-
dia Subsystem (IMS) communication protocols (e.g., ses-
s10n 1nitiation protocol (SIP)), and/or the like. For example,
the mobile terminal may be capable of operating in accor-
dance with 2G wireless communication protocols IS-136
(Time Division Multiple Access (TDMA)), Global System
for Mobile communications (GSM), 1S-95 (Code Division
Multiple Access (CDMA)), and/or the like. Also, {for

example, the mobile terminal may be capable of operating 1n
accordance with 2.5G wireless communication protocols
General Packet Radio Service (GPRS), Enhanced Data
GSM Environment (EDGE), and/or the like. Further, for
example, the mobile terminal may be capable of operating 1n

accordance with 3G wireless communication protocols such
as Universal Mobile Telecommunications System (UMTS),

Code Division Multiple Access 2000 (CDMAZ2000), Wide-
band Code Division Multiple Access (WCDMA), Time
Division-Synchronous Code Division Multiple Access (TD-
SCDMA), and/or the like. The mobile terminal may be
additionally capable of operating in accordance with 3.9G
wireless communication protocols such as Long Term Evo-
lution (LTE) or Evolved Universal Terrestrial Radio Access
Network (E-UTRAN) and/or the like. Additionally, for
example, the mobile terminal may be capable of operating 1n
accordance with fourth-generation (4G) wireless communi-
cation protocols and/or the like as well as similar wireless
communication protocols that may be developed in the
future.

Regardless of the type of device that embodies the com-
puting device 10 or user device 16, the computing device 10
or user device 16 may include or be associated with an
apparatus 20 as shown in FIG. 2. In this regard, the apparatus
may 1include or otherwise be i communication with a
processor 22, a memory device 24, a communication inter-
face 26 and a user interface 28. As such, in some embodi-
ments, although devices or elements are shown as being in
communication with each other, hereinafter such devices or
clements should be considered to be capable of being
embodied within the same device or element and thus,
devices or elements shown in communication should be
understood to alternatively be portions of the same device or
clement.

In some embodiments, the processor 22 (and/or co-pro-
cessors or any other processing circuitry assisting or other-
wise associated with the processor) may be in communica-
tion with the memory device 24 via a bus for passing
information among components of the apparatus. The
memory device may include, for example, one or more
volatile and/or non-volatile memories. In other words, for
example, the memory device may be an electronic storage
device (e.g., a computer readable storage medium) compris-
ing gates configured to store data (e.g., bits) that may be
retrievable by a machine (e.g., a computing device like the
processor). The memory device may be configured to store
information, data, content, applications, instructions, or the
like for enabling the apparatus 20 to carry out various
functions 1n accordance with an example embodiment of the
present invention. For example, the memory device could be
configured to bufler mnput data for processing by the pro-
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cessor. Additionally or alternatively, the memory device
could be configured to store mstructions for execution by the
Processor.

As noted above, the apparatus 20 may be embodied by a
computing device 10 configured to employ an example
embodiment of the present imvention. However, 1n some
embodiments, the apparatus may be embodied as a chip or
chip set. In other words, the apparatus may comprise one or
more physical packages (e.g., chips) including matenals,
components and/or wires on a structural assembly (e.g., a
baseboard). The structural assembly may provide physical
strength, conservation of size, and/or limitation of electrical
interaction for component circuitry included thereon. The
apparatus may therefore, in some cases, be configured to
implement an embodiment of the present invention on a
single chip or as a single “system on a chip.” As such, 1n
some cases, a chip or chipset may constitute means for
performing one or more operations for providing the func-
tionalities described herein.

The processor 22 may be embodied in a number of
different ways. For example, the processor may be embodied
as one or more of various hardware processing means such
as a coprocessor, a microprocessor, a controller, a digital
signal processor (DSP), a processing element with or with-
out an accompanying DSP, or various other processing
circuitry including integrated circuits such as, for example,
an ASIC (application specific integrated circuit), an FPGA
(field programmable gate array), a microcontroller unit
(MCU), a hardware accelerator, a special-purpose computer
chip, or the like. As such, in some embodiments, the
processor may include one or more processing cores con-
figured to perform independently. A multi-core processor
may enable multiprocessing within a single physical pack-
age. Additionally or alternatively, the processor may include
one or more processors configured 1n tandem via the bus to
enable independent execution of instructions, pipelining
and/or multithreading.

In an example embodiment, the processor 22 may be
configured to execute instructions stored in the memory
device 24 or otherwise accessible to the processor. Alterna-
tively or additionally, the processor may be configured to
execute hard coded functionality. As such, whether config-
ured by hardware or software methods, or by a combination
thereot, the processor may represent an entity (e.g., physi-
cally embodied in circuitry) capable of performing opera-
tions according to an embodiment of the present invention
while configured accordingly. Thus, for example, when the
processor 1s embodied as an ASIC, FPGA or the like, the
processor may be specifically configured hardware for con-
ducting the operations described herein. Alternatively, as
another example, when the processor 1s embodied as an
executor of software instructions, the mnstructions may spe-
cifically configure the processor to perform the algorithms
and/or operations described herein when the instructions are
executed. However, 1n some cases, the processor may be a
processor ol a specific device (e.g., a head mounted display)
configured to employ an embodiment of the present inven-
tion by further configuration of the processor by instructions
for performing the algorithms and/or operations described
herein. The processor may include, among other things, a
clock, an arithmetic logic umit (ALU) and logic gates con-
figured to support operation of the processor. In one embodi-
ment, the processor may also include user interface circuitry
configured to control at least some functions of one or more
clements of the user interface 28.

Meanwhile, the communication interface 26 may be any
means such as a device or circuitry embodied in either
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hardware or a combination of hardware and software that 1s
configured to receive and/or transmit data between the
computing device 10 and a server 12. In this regard, the
communication interface 26 may include, for example, an
antenna (or multiple antennas) and supporting hardware
and/or software for enabling communications wirelessly.
Additionally or alternatively, the communication interface
may include the circuitry for interacting with the antenna(s)
to cause transmission of signals via the antenna(s) or to
handle receipt of signals recerved via the antenna(s). For
example, the communications interface may be configured
to communicate wirelessly with the head mounted displays
10, such as via Wi-F1, Bluetooth or other wireless commu-
nications techniques. In some 1nstances, the communication
interface may alternatively or also support wired communi-
cation. As such, for example, the communication 1nterface
may include a communication modem and/or other hard-
ware/software for supporting communication via cable, digi-
tal subscriber line (DSL), universal serial bus (USB) or other
mechanisms. For example, the communication interface
may be configured to communicate via wired communica-
tion with other components of the computing device.

The user interface 28 may be 1n communication with the
processor 22, such as the user interface circuitry, to receive
an indication of a user input and/or to provide an audible,
visual, mechanical, or other output to a user. As such, the
user interface may include, for example, a keyboard, a
mouse, a joystick, a display, a touch screen display, a
microphone, a speaker, and/or other input/output mecha-
nisms. In some embodiments, a display may refer to display
on a screen, on a wall, on glasses (e.g., near-eye-display), 1n
the air, etc. The user imnterface may also be 1n communication
with the memory 24 and/or the communication interface 26,
such as via a bus.

In an example embodiment, components/modules of the
apparatus 20 may be implemented using standard program-
ming techniques. For example, the apparatus 20 may be
implemented as a “native” executable running on the pro-
cessor 22, along with one or more static or dynamic libraries.
In general, a range of programming languages known in the
art may be employed for mmplementing such example
embodiments, including representative implementations of
various programming language paradigms, including but not
limited to, object-oriented (e.g., Java, C++, C#, Visual
Basic. NE'T, Smalltalk, and the like), functional (e.g., ML,
Lisp, Scheme, and the like), procedural (e.g., C, Pascal, Ada,
Modula, and the like), scripting (e.g., Perl, Ruby, Python,
JavaScript, VBScript, and the like), and declarative (e.g.,
SQL, Prolog, and the like).

In addition, programming interfaces to the data stored as
part of the apparatus 20, can be made available by standard
mechanisms such as through C, C++, C#, and Java APIs;
libraries for accessing files, databases, or other data reposi-
tories; through languages such as XML; or through Web
servers, FTP servers, or other types of servers providing
access to stored data. A data store may also be included and
it may be implemented as one or more database systems, file
systems, or any other technique for storing such information,
or any combination of the above, including implementations
using distributed computing techniques.

Different configurations and locations of programs and
data are contemplated for use with techniques described
herein. A varniety of distributed computing techniques are
appropriate for implementing the components of the 1llus-

trated embodiments in a distributed manner including but
not limited to TCP/IP sockets, RPC, RMI, HTTP, Web

Services (XML-RPC, JAX-RPC, SOAP, and the like). Other
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variations are possible. Also, other functionality could be
provided by each component/module, or existing function-
ality could be distributed amongst the components/modules
in different ways, yet still achieve the functions described
herein.

Furthermore, 1n some embodiments, some or all of the
components of the apparatus 20 may be implemented or
provided in other manners, such as at least partially in
firmware and/or hardware, including, but not limited to one
or more application-specific itegrated circuits (“ASICs”),
standard 1ntegrated circuits, controllers executing appropri-
ate 1nstructions, and including microcontrollers and/or
embedded controllers, field-programmable gate arrays (“FP-
GAs”), complex programmable logic devices (“CPLDs”),
and the like. Some or all of the system components and/or
data structures may also be stored as contents (e.g., as
executable or other machine-readable software instructions
or structured data) on a computer-readable medium (e.g., as
a hard disk; a memory; a computer network or cellular
wireless network or other data transmission medium; or a
portable media article to be read by an appropriate drive or
via an appropriate connection, such as a DVD or flash
memory device) so as to enable or configure the computer-
readable medium and/or one or more associated computing,
systems or devices to execute or otherwise use or provide the
contents to perform at least some of the described tech-
niques. Some or all of the system components and data
structures may also be stored as data signals (e.g., by being
encoded as part of a carrier wave or included as part of an
analog or digital propagated signal) on a variety of com-
puter-readable transmission mediums, which are then trans-
mitted, including across wireless-based and wired/cable-
based mediums, and may take a variety of forms (e.g., as
part of a single or multiplexed analog signal, or as multiple
discrete digital packets or frames). Some or all of the system
components and data structures may also be stored as a web
application, “app”, or any HIML5 or JavaScript™ applica-
tion, such as a computer software application that 1s coded
in a browser-supported programming language (such as
JavaScript™) combined with a browser-rendered markup
language like HIML3, reliant on a common web browser to
render the application executable. The opening of a web
page or “app’ may be performed by a web browser on
computing device 10. An HIMLS or JavaScript™ “app”
allows web page script to contact a server 12, such as those
shown 1n FIG. 1, for storing and retrieving data without the
need to re-download an entire web page. Some or all of the
system components and data structures may also be stored as
a privileged web application or privileged web app. A
privileged web app 1s a piece of web content that may have
been verified by, for example, means of an app store or
stores or may have obtained or downloaded from a source
that 1s trusted source. A trusted source may provide a
privileged web app that may be enabled to override the
default power settings. Such computer program products
may also take other forms in other embodiments. Accord-
ingly, embodiments of this disclosure may be practiced with
other computer system configurations.

FIG. 3 illustrates an example flowchart of the example
operations performed by a method, apparatus and computer
program product 1in accordance with an embodiment of the
present mvention. It will be understood that each block of
the flowcharts, and combinations of blocks 1n the flowcharts,
may be implemented by various means, such as hardware,
firmware, processor, circuitry and/or other device associated
with execution of software including one or more computer
program 1nstructions. For example, one or more of the
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procedures described above may be embodied by computer
program 1instructions. In this regard, the computer program
instructions which embody the procedures described above
may be stored by a memory 26 of an apparatus employing
an embodiment of the present invention and executed by a
processor 24 1n the apparatus. As will be appreciated, any
such computer program instructions may be loaded onto a
computer or other programmable apparatus (e.g., hardware)
to produce a machine, such that the resulting computer or

other programmable apparatus provides for implementation
of the functions specified in the flowchart block(s). These
computer program instructions may also be stored 1n a
non-transitory computer-readable storage memory that may
direct a computer or other programmable apparatus to
function 1n a particular manner, such that the instructions
stored 1n the computer-readable storage memory produce an
article of manufacture, the execution of which implements
the function specified i1n the flowchart block(s). The com-
puter program instructions may also be loaded onto a
computer or other programmable apparatus to cause a series
of operations to be performed on the computer or other
programmable apparatus to produce a computer-imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide
operations for implementing the functions specified in the
flowchart block(s). As such, the operations of FIG. 3, when
executed, convert a computer or processing circuitry into a
particular machine configured to perform an example
embodiment of the present invention. Accordingly, the
operations of FIG. 3 define an algorithm for configuring a
computer or processing to perform an example embodiment.
In some cases, a general purpose computer may be provided
with an instance of the processor which performs the algo-
rithm of FIG. 3 to transform the general purpose computer
into a particular machine configured to perform an example
embodiment.

Accordingly, blocks of the flowchart support combina-
tions of means for performing the specified functions and
combinations of operations for performing the specified
functions. It will also be understood that one or more blocks
of the flowcharts, and combinations of blocks 1n the flow-
charts, can be implemented by special purpose hardware-
based computer systems which perform the specified func-
tions, or combinations of special purpose hardware and
computer mstructions.

In some embodiments, certain ones ol the operations
herein may be modified or further amplified as described
below. Moreover, in some embodiments additional optional
operations may also be included. It should be appreciated
that each of the modifications, optional additions or ampli-
fications below may be included with the operations above
either alone or 1n combination with any others among the
features described herein.

In one example embodiment, a method, apparatus and/or
computer program product may be provided for image
adjustment in panoramic image stitching, and in particular,
for example, to reduce artifacts in the seam region or region
of overlap when stitching multiple 1mages to form a pan-
oramic 1mage.

A seam region or region of overlap, as used herein, 1s an
area, for example, of the 360-degree panorama, where two
adjacent cameras’ fields of view overlap.

Convergence 1s a function which scales the 1mage co-
ordinate by a given amount, termed as convergence value.
The scaling may be done for all the pixel co-ordinates with
regard to 1mage center as the origin of the scaling.
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For example, 1 ¢(X,y) 1s the convergence at point (X,y),
then an output image I, may be computed using c(X,y) and
iput 1image I_in(x,y) by using the following expressions.

XI=X—CX; VI=Vy—CV,

{cx, cy are the center points of fish eye image, X,y are
normalized 1image coordinates)

dx=xi*c(x,y); dy=yi*c(x,y);
xo=dx+cx; vo=dy+cy;

10,%0,y0)=In(x1, yi);

Because the objects at diflerent depths 1n the seam region
are often not aligned 1n stitching, the convergence value may
be varied across the seam region, for example, i the
horizontal and/or the vertical directions, to align the objects.

Embodiments described herein provide an automatic
method and a semi-automatic method to stitch the content.

For example, 1n one embodiment, a curve editor may be
used to adjust the convergence of the narrow seam manually
by adjusting the curve and by assigning points.

In some embodiments, an automatic method may be
utilized which computes the curve denoting the variation of
convergence of the narrow seam for a specified number of
points.

The seam region may then be divided into multiple
segments (e.g., vertical segments) and the convergence may
then be optimally computed for these segments so that the
overall distortion error computed in the seam region 1is
mimimal.

In some embodiments, a smoothness parameter may be
defined. The smoothness parameter may then be utilized to
guide the output convergence such that the computed con-
vergence values are smoothly transitioning amongst them-
selves.

In some embodiments, a mode to address extreme fore-
ground cases where the objects are very close to the camera
may be provided. In this mode the curve’s smoothness may
be compromised and drastic changes i1n convergence 1s
allowed to deal with extreme foreground and background
combinations (e.g., a non-smooth mode of operation).

The outputs of the automatic method described above
may be used as a starting point and/or to assist and the
convergence points may be edited manually for improved
results 1n those particular cases 1n which automatic method
may need improvement.

FIG. 3 1s an example tlowchart illustrating a method of
operating an example computing device, performed 1n
accordance with an embodiment of the present invention.
Specifically FIG. 3 shows an example method for minimiz-
ing artifacts in the stitching of multiple 1mages to form a
panoramic 1mage.

Extracting Seam Regions from Overlapping Images

As shown 1n block 305 of FIG. 3, the apparatus 20
embodied by the computing device 10 may be configured to
extract seam regions from overlapping images. The appa-
ratus embodied by the computing device may therefore
include means, such as the processor 22, the communication
interface 26 or the like, for extracting seam regions from
overlapping 1mages.

As shown 1 FIGS. 4A and 4B, images 11 and 12 are the
images from cameras ¢l and ¢2 which are overlapping at the
narrow seam. In a general case, two 1mage may be captured
by two cameras, the two 1mages having a common (e.g.,
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overlapping) region. FIG. 5A shows a graphic representation
of the first image and the second 1mage, each 1mage com-
prising an overlapping region or seam region, I, and I,
respectively.

Generating Multiple Strips

The seam regions I, and I, may be extracted, as shown 1n
FIG. 5B, and a set of convergence values(N) may be applied
to the i1mage regions/strips. The resulting strips may be
denoted by I, and I, , for example, as shown in FIG. 5C. N
strips may then be generated corresponding to each strip, I,
and I,,.

As such, as shown 1n block 310 of FIG. 3, the apparatus
20 embodied by the computing device 10 may be configured
to apply convergence to each of one or more seam regions.
The apparatus embodied by the computing device may
therefore include means, such as the processor 22, the
communication interface 26 or the like, for applying con-
vergence to each of one or more seam regions.

Subsequently, as shown in block 315 of FIG. 3, the
apparatus 20 embodied by the computing device 10 may be
configured to generate multiple strips, for example, corre-
sponding to each of the seam regions. The apparatus embod-
ied by the computing device may therefore include means,
such as the processor 22, the communication interface 26 or
the like, for generating multiple strips.

Computing a Distance Matrix

Each strip from the set of image strips I, and I, may be
divided into multiple segments vertically, for example, as
shown 1n FIG. 3D, mto X segments and a distance matrix
d(x,y) 1s computed.

A%, =2 (X)=15,, (X)) (1)

x denotes the segment index coordinate and y denotes the
convergence value. 0<x<X; O<y<N. I, is the seam region ot
image I, modified a convergence value of y, also known as
a strip. I (x) 1s the segment ‘x* of the strip I, . The
summation 1s over the segment Xx.

Accordingly, as shown in block 320 of FIG. 3, the
apparatus 20 embodied by the computing device 10 may be
configured to divide each strip to multiple segments. The
apparatus embodied by the computing device may therefore
include means, such as the processor 22, the communication
interface 26 or the like, for dividing each strip to multiple
segments.

Computing the Optimal Convergence for the Seam
Region

As shown i1n block 325 of FIG. 3, the apparatus 20
embodied by the computing device 10 may be configured to
compute optimal convergence for each segment. The appa-
ratus embodied by the computing device may therefore
include means, such as the processor 22, the communication
interface 26 or the like, for computing an optimal conver-
gence for each segment.

In some embodiments, for example, dynamic time warp-
Ing programming may be used to compute an accumulated
distance matrix A(X,y) as follows.

First, the accumulated distance matrix may be computed
by accumulating the distances 1n the distance matrix using a
dynamic programming approach.

A(x,y)=d(x,y)+min{ (4(x,y-1),Ax-1,y-1),A(x-1)}; (2)
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The optimal path (e.g., the final curve) 1n the accumulated
distance matrix may be the one that has a minimal cumu-
lative error and may be computed by backtracking the path
from the minimum distance 1n the last column. The x and y
coordinates of the optimal path convey the best convergence
value per segment.

In some embodiments, a smoothness parameter may be
used. When using a smoothness parameter, by specitying a
smoothness parameter, the step increment A may be varied
accordingly while accumulating the distances.

(a): A=K-5+1; (3)

S 1s smoothness parameter; K may be a constant and may
be set to 5.

In some embodiments, 0<S<K.

(b): In some embodiments, for example, S=5 may com-
pute the result with maximum smoothness and may be
computed by equation (2).

(c): For other smoothness factors, the resulting conver-
gence may be computed by finding A(X,y) using equation (3)
and then back tracing the path.

In an instance i which S 1s specified as 2, then A 1s 3 and
the cumulated distance computation 1s modified to this
below case.

A(x,y)=d(x,p)+min{ (4(x,y-A),4 (x-A,y-A),A(x-A,y)
F+ming (4 (e, y-A+1),4(x—-A+1,y-A+1),4(x-A+1,

Y+ . min{(dxy-1),4x-1y-1),4(x-1,p)}; (4)

When using extreme foreground option, the value of K
may be set to N 1n equation (3) and the steps 1n described
above with regard to using the smoothness parameter may
be performed to compute optimal convergence. The com-
puted convergence allows for sharp convergence transitions
between neighboring segments, for example, in those
instances 1 which neighboring segments correspond to
foreground and background combination.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled 1n the
art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it 1s to be understood that
the inventions are not to be limited to the specific embodi-
ments disclosed and that modifications and other embodi-
ments are intended to be included within the scope of the
appended claims. Moreover, although the foregoing descrip-
tions and the associated drawings describe example embodi-
ments 1 the context of certain example combinations of
clements and/or functions, 1t should be appreciated that
different combinations of elements and/or functions may be
provided by alternative embodiments without departing
from the scope of the appended claims. In this regard, for
example, diflerent combinations of elements and/or func-
tions than those explicitly described above are also contem-
plated as may be set forth 1n some of the appended claims.
Although specific terms are employed herein, they are used
in a generic and descriptive sense only and not for purposes
of limitation.

What 1s claimed 1s:

1. A method, comprising: extracting the seam region from
the overlapping images, wherein the overlapping images
comprise a first image captured by a first image capturing
device and a second image captured by a second image
capturing device, applying a set of convergence values to the
seam region generating a plurality of strips corresponding to
the seam region;

dividing the plurality of strips into multiple vertical

segments;
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for each of the multiple vertical segments, computing a
distance matrnx (dtx. v)f wherein X 1s a segment index
value and v 1s an associated convergence value;

and computing an optimal convergence for the seam
region using the multiple vertical segments.

2. The method according to claim 1, wherein the over-
lapping images share the seam region, the seam region being
a region ol each of the first image and the second images
depicting a common captured area.

3. The method according to claim 1, wherein the com-
puting of the distance matrix (d(x, y)) occurs subsequent to
the dividing of the plurality of strips into multiple vertical
segments.

4. The method according to claim 1, wherein computing,
the optimal convergence for each of the multiple vertical
segments of the seam region comprises: computing an
accumulated distance matrix by accumulating each of the
distances in the distance matrix, wherein optimal conver-
gence 15 1dentified by the accumulated distance matrix
having a minimal cumulative error.

5. The method according to claim 4, wherein accumulat-
ing each of the distances 1n the distance matrix 1s performed
via a dynamic programming process.

6. The method according to claim 1, wherein the set of
convergence values are varied across the seam region 1n a
horizontal or a vertical direction, the method further com-
prises: computing a curve denoting a variation ol conver-
gence for the narrow seam for a specified number of points.

7. The method according to claim 1, further comprising:
applying a smoothness parameter to guide the convergence
amongst the plurality of computed convergence values.

8. The method according to claim 1, further comprising:
in an instance in which an object 1s captured within a
predetermined distance of a camera, enabling convergence
transitions between segments exceeding a predefined thresh-
old.

9. A computer program product comprising at least one
non-transitory computer-readable storage medium having
computer-executable program code 1nstructions stored
therein, the computer-executable program code instructions
comprising program code instructions for: extracting the
secam region from the overlapping images, wherein the
overlapping 1images comprise a first image captured by a first
image capturing device and a second i1mage captured by a
second 1mage capturing device, applying a set of conver-
gence values to the seam region generating a plurality of
strips corresponding to the seam region;

dividing the plurality of strips into multiple vertical
segments;

for each of the multiple vertical segments, computing a
distance matrix (dtx. v)I wherein x 1s a segment 1ndex
value and v 1s an associated convergence value;

and computing an optimal convergence for the seam
region using the multiple vertical segments.

10. The computer program product according to claim 9,
wherein the overlapping images share the seam region, the
seam region being a region of each of the first image and the
second 1mages depicting a common captured area.

11. An apparatus, comprising: at least one processor;

at least one memory comprising computer program code,
the at least one memory and the computer program
code configured to, with the at least one processor,
cause the apparatus to at least perform: extract the seam
region from the overlapping images, wherein the over-
lapping 1mages comprise a first image captured by a
first 1mage capturing device and a second 1mage cap-
tured by a second 1mage capturing device, apply a set
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ol convergence values to the seam region generating a
plurality of strips corresponding to the seam region;
divide the plurality of strips into multiple vertical seg-

ments;

for each of the multiple vertical segments, compute a

distance matnx (dtx. v)I wherein X 1s a segment index
value and v 1s an associated convergence value;

and compute an optimal convergence for the seam region

using the multiple vertical segments.

12. The apparatus according to claim 11, wherein the
overlapping images share the seam region, the seam region
being a region of each of the first image and the second
images depicting a common captured area.

13. The apparatus according to claim 11, wherein the
apparatus 1s further caused to: compute a distance matrix
(d(x, v)) wherein x 1s a segment index value and y 1s an
associated convergence value.

14. The apparatus according to claim 11, wherein the
apparatus 1s further caused to: compute an accumulated
distance matrix by accumulating each of the distances in the
distance matrix, wherein optimal convergence 1s 1dentified
by the accumulated distance matrix having a minimal cumu-
lative error.
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15. The apparatus according to claim 11, wherein accu-
mulating each of the distances in the distance matrix 1s
performed via a dynamic programming process.

16. The apparatus according to claim 11,

wherein the set of convergence values are varied across
the seam region 1n a horizontal or a vertical direction,

the apparatus further caused to:

compute a curve denoting a variation of convergence for
the narrow seam for a specified number of points.

17. The apparatus according to claim 11, wherein the
apparatus 1s further caused to: apply a smoothness parameter
to guide the convergence amongst the plurality of computed
convergence values.

18. The apparatus according to claim 11, wherein the
apparatus 1s further caused to:

in an istance 1 which an object 1s captured within a
predetermined distance of a camera, enable conver-

gence transitions between segments exceeding a pre-
defined threshold.
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